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CHAPTER I 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
 Rock as a material has been ingrained in human culture since the beginning 
of history and now has been developed to become the “working material” in 
geotechnical and rock engineering.  As a consequence of the development of today’s 
construction, the designing and constructing in rock of underground tunnels, 
underpinnings of structures, massive dams, and other civil engineering structures 
require the turning over of an enormous amount of rockworks under various and 
difficult geologic conditions. 
 
Basically, rock can be categorized into three groups which are igneous, 
metamorphic and sedimentary.  Sedimentary rock had become a concern in civil 
engineering because of the numerous foundation and slope stability problems with 
which they are commonly associated with.  Sedimentary rocks such as shale and 
sandstone are among the complex, problematic and the least understood geological 
material.  The main difficulties in assessing and predicting the engineering behavior 
sedimentary rocks can be attributed to two unique features; their transitional strength 
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between rock and soil exhibiting both “soil like” and “rock like” behaviors, and their 
tendency to progress from rock-like to soil-like material in relatively short periods. 
 
Most sedimentary and metamorphic rocks are anisotropic with regard to their 
mechanical behavior.  The anisotropy of sedimentary rocks such as shale is due to 
partial alignment and arrangement of its platy clay minerals which is termed as 
lamination.  Normally sedimentary rocks exhibit higher compressive strength in the 
direction perpendicular to the lamination.  Other related properties like Young’s 
Modulus and Poisson’s ratio also vary with respect to lamination.  The anisotropic 
behavior of sedimentary rocks is considered to be of major importance in the design 
of civil engineering structures like tunnel, dam and slopes as the structures are 
associated with loading of rock mass. 
 
The deformation and failure of rock is one of the basic rock mechanics 
subjects to which great attention has been paid for the last few decades.  For safe and 
economical design of structure on and in rock, adequate cognition about deformation 
behaviors and engineering properties of rock is indispensable.  With regard to the 
study on the deformational behavior and related engineering properties of rocks, the 
stress-strain curve forms the fundamental tool.  The stress-strain curve illustrates the 
behaviors of the rock samples under compression, the pre- and post failure regime, 
the peak compressive strength, strain-softening behaviour, and finally the residual 
strength region.  Through the studies of the stress-strain curve, several engineering 
properties (i.e. Uniaxial compressive strength, Young’s modulus, and Poisson’s ratio) 
regarding the tested rock samples can be determined.  
 
 
 
 
1.2 Problem statement 
 
 
The anisotropic behavior of sedimentary rocks is considered to be of major 
importance in designing civil engineering structures such as tunnels, dams and 
slopes.  This is mainly due to the distinctive laminations (mineral arrangement) 
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exhibited by these rocks that will lead to some variations of strengths and properties, 
depending on the loading configuration with respect to prevailing lamination.   
Therefore, for safe and economical design of structures in sedimentary rock, 
knowledge on deformation behaviors and engineering properties of these rocks is 
essential.  Thus the study of stress-strain of rock samples is essential in 
understanding the deformation behaviours of rock and obtaining the relevant 
engineering properties. 
 
 
 
 
1.3 Objectives 
 
 
This study is geared towards achieving the following objectives: 
 
1. To verify any variation of rock properties due to variation of lamination 
direction with respect to the loading axis. 
 
2. To verify the uniaxial compressive behavior of sandstone when loaded at 
different direction with respect to orientation of lamination. 
 
3. To obtain essential rock engineering properties based on data obtained from 
uniaxial compression strength test on sandstone. 
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1.4 Scopes of study 
 
 
Basically, the scope of this study will include several aspects as below: 
 
1. The laboratory test conducted is Uniaxial Compressive Test under constant 
strain rate using close closed circuit servo-controlled test machine. 
 
2. The rock samples being tested are sandstones that exhibit lamination of 
different directions. 
  
3. The study of deformation behavior and properties of rock samples will be 
based on the stress strain curve obtained from UCT test. 
 
4. To study the variation of rock properties (i.e. Poisson’s Ratio, UCS, Young’s 
Modulus and strain of failure) of sandstones as the result from the variation 
of lamination direction with respect to the subjected loading axis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
